Abstract
Introduction
Intellectual resources are increasingly being seen as strategic resources that need to be created and harnessed effectively in order for organizations to survive and achieve competitive advantage. It is believed that managing this strategic resource can enable an organization to achieve particular benefits such as minimization of costs, innovation of products, product development procedures, improved quality, flexibility in a dynamic market and improved customer service. Knowledge must also be useful and it must have strategic value [24] . This means that it should impact organizational strategic objectives that add most value such as customer service, market leadership or operational effectiveness. In this context, the term "intellectual capital" (or intellectual resources) is often used to represent knowledge that can be converted into profit and create value or the sum of everything everybody in a company knows that gives it a competitive edge [19] .
The effective performance and growth of knowledge intensive organizations requires integrating and sharing knowledge that is often highly distributed [24] . Distributed knowledge is often personalized and resides in pockets and communities within and outside of the organization. It has been suggested that problems which stem from traditional business environments that hoard knowledge are an obstacle which is preventing knowledge management efforts from being a complete success [6] . In addition, Vance [22] suggests that the reason information and knowledge may not be easily transferred from the holder to the person needing it may be because it is inarticulable in the mind of the holder.
In recent years, information and communication technology (ICT) is seen to have become a key resource that if used effectively can enable dispersed knowledge to be used for developing innovative and customized goods and services. Technologies that support the creation and management of knowledge are seen to fall into a predefined set of activities. These activities relate to processes defined by Huber [7] to be knowledge acquisition and assimilation, dissemination and sharing, and utilization. Alavi and Leidner [1] identify an emerging line of information systems referred to as Knowledge Management Systems (KMS) that target professional and managerial activities by focusing on creating, gathering, organizing and disseminating an organization's "knowledge" as opposed to "information" or "data". In addition, Hibbard and Carrillo [6] believe the information technology that supports knowledge management, such as data mining, groupware, document management and search and retrieval, are widely available and already exist in many companies. Organizational memory information systems have been important to organizations as it is recognized that knowledge is a key component to competitiveness [18] .
However, these traditional tools for knowledge management are often not suited for enabling dispersed knowledge to be used for the production and delivery of customized and innovative goods and services. This is because Knowledge Management efforts in organizations concentrate on codifying or explicating tacit knowledge and propose infrastructures for storing explicit knowledge as well as refining, managing and distributing it [24] , [5] . In addition, knowledge management is seen to be the remit of departments or units that act separate from the main focus of the organization. This means that while such efforts may have priority, it is not clear what the deliverables or value to the organization may be.
This paper focuses on the use of technologies to support the mobilization of an organization's intellectual resources. Mobilization is the use of intellectual resources in an organization towards joint effect. Qureshi and Keen [12] suggest that bringing together people with relevant knowledge and using it effectively is called knowledge mobilization. They suggest that when these different components of knowledge are mobilized by people through their willingness to provide, access and share it as and when needed is called activation. Nunamaker et al. [9] and Qureshi et al. [13] suggest that an organization's potential to create value through the use of its intellectual capital is affected by the extent to which collaborative activities can take place. This is especially true since Tallon et al. [20] suggest that there are critical business activities within a firm's value system that effect its ability to create value. These include aspects of production, logistics, sales, marketing, customer service, and administrative support often illustrated within the context of a value chain.
The objective of this paper is to provide insight into the technologies that enable knowledge to be used for critical business activities. Such technologies have collaborative components and link different locations. This type of infrastructure has become a powerful means of capturing, exchanging, and managing personalized organizational knowledge. In this way, electronic collaboration becomes instrumental in capitalizing on an organization's intellectual resources [14] . There is a recognition that electronic collaboration has the potential to leverage this key resource [17] .
The key question investigated in this paper is to what extent do collaborative technologies support the mobilization of intellectual resources to create value for an organization? In order to address this question, an investigation is carried out on the collaborative technologies used by a large multinational consulting company which we term BIG4 to protect its privacy. The Intellectual Bandwidth model originally developed by Nunamaker et al. [8] is used to investigate the potential of this organization to create value through its intellectual resources. BIG4's technology infrastructure developed for managing knowledge is evaluated using the Intellectual Bandwidth model. Following an analysis of BIG4's intellectual bandwidth, this paper provides insight into the role of technology for mobilizing intellectual resources and offers implications for developing infrastructure to support core business processes.
The Intellectual Bandwidth Model
An organization's Intellectual Bandwidth is its ability to mobilize intellectual resources to create value and is its ability to bring its intellectual capital to bear on the tasks at hand [8] , [9] , [10] , [13] . Qureshi and Briggs [11] suggest that value is important because if an organization that seeks to create value for its stakeholders, must be able to bring its intellectual capital to bear on its tasks. An organization's intellectual capital is embodied in its repeatable processes, in the understandings of its members, and in its physical repositories of knowledge [8] . It seems that the higher is an organization's intellectual bandwidth, the higher would be its potential to create value. In order to create value organizations could aim to maximize their intellectual bandwidth. By leveraging the creation and use of their intellectual resources organizations can maximize their intellectual bandwidth.
The intellectual bandwidth model suggests that understanding consists of data, information, knowledge and wisdom. Many authors refer to data as raw facts or simple observations about the state of the world; information is data in some context or with some kind of human interpretation applied; and knowledge is information with guidance for action, that is: knowing how to act given the information [4] , [21] , [3] , [16] . This is consistent with the definitions used by Nunamaker et al. [10] who add wisdom to the hierarchy of understanding.
Qureshi and Briggs [11] contribute to this hierarchy of understanding by suggesting that data is the understanding of symbols, information is understanding the relationships among symbols in the context in which they are presented, knowledge is understanding the patterns in the context from which they emerge, and wisdom is understanding principles or causes and consequences inferred by recognizing useful principles that emerge as one considers patterns within knowledge. Figure 1 According to this IB model, the intellectual resources of an organization are mobilized through collaboration. The vertical axis represents a hierarchy of understanding. The horizontal axis represents a continuum of the interdependence of efforts required for a team to succeed. The continuum of interdependence is the degree to which the efforts of team members must be interdependent in order for the team to succeed [11] . It consists of the Individual Work Mode in which people work independently of others, the Collective Work Mode in which team work involves the simple sum of individual work, Coordinated Work Mode involves managing sequential interdependencies between individual activities and Concerted Work Mode which all members work in concert to produce a joint deliverable. In order to measure the Intellectual Bandwidth (IB) of an organization, the hierarchy of understanding and continuum of interdependencies described above need to be assessed. Table 1 illustrates the key concepts used to collect data on each of the IB constructs.
People share their intellectual resources and use them towards joint effect. Technologies for collaboration appear to enable the sharing and use of distributed knowledge within virtual organizations. Developments in collaborative technology are increasingly focusing on multi-location technology. This means that instead of bringing groups together in an electronic meeting room, the electronic meeting facility can move to places where groups can meet -cyberspace. For optimum collaborative knowledge management activities, organizations must seek collaborative support that extends the electronic meeting room into an electronic meeting space, enabling any time any place collaboration. According to Courtney et al. [2] a good telecommunications network which supports electronic and voice mail, groupware, integrated databases, multimedia presentations, graphical user interfaces, and client server architectures can greatly enhance the ease with which knowledge can be acquired, shared, compared and used. The following section assesses the IB of an organization and the extent to which collaboration technologies enable intellectual resources to be mobilized.
Methodology
A case study method was used to research the intellectual bandwidth of BIG4. The empirical research examines intellectual bandwidth within its real context, particularly when the borders between phenomenon and context are not clear [23] . Concepts within the hierarchy of understanding and continuum of interdependencies were measured through questionnaires on a five point scale, and observations, informal conversation and open-ended interviews. These were derived from the constructs summarized in table 1. Assessing the intellectual bandwidth in an organization that relies on collaboration technologies to manage its intellectual resources needs to consider technology use in more detail. The technology infrastructure was evaluated using a survey which was administered to 503 professionals within BIG4. These professionals belonged to different units working for each of the lines of business that BIG4 serves. Of the total number administered, 121 responses were obtained from BIG4's professionals involved in the line of business named "Public Services Sector". After the survey 8 interviews were held with key persons within the organization to obtain more in depth insight into the most striking results of the survey. The key people interviewed were consultants, managers and a partner.
Case Study of BIG4
The case chosen to investigate electronic knowledge mobilization is the Dutch branch firm of a global assurance and advisory services firm. In order to protect its privacy, in this paper, this company is termed BIG4 Netherlands. The specific units and technologies used within the company have also been disguised to protect the organization's privacy. BIG4 Netherlands is part of the global BIG4 organization. More than 100,000 employees in 155 countries worked worldwide at 760 offices. In the Netherlands about 4400 people work at the Dutch BIG4 branch in 23 offices. The activities of this organization are grouped into the categories "Assurance services" and "Advisory services". The organization structure is shown in Figure 2 .
Approximately 77% of the total number of employees are professionals and 23% are support staff. This case study focuses on the professionals, because they must provide valuable solutions to clients based on their knowledge. At "Assurance services" accountants offer services in diverse areas. They audit financial information of clients and advise concerning the continuity of these client-organizations. Consultants of "Advisory services" advise clients in various fields like improving business performance and business processes, risk management and information management. In several lines of business both accountants and consultants have to collaborate to deliver customized solutions to clients in these lines that are geared to one another. The line of business investigated in this case study is the "Public Services Sector".
BIG4 is a knowledge intensive organization because it uses the knowledge and skills of its key professionals to provide customized goods and services to its clients. BIG4 creates value for its clients based on the knowledge, the skills and experience of its employees. The organization creates value for its clients by providing problem-specific solutions for its clients' problems. These clients expect BIG4's consultants to have knowledge of their business and organization and they count on advice that fits their specific situations. The knowledge within the organization, both in the form of documents and in the form of employees, is the basis for providing advice that fits to the 'problems' of clients in a certain line of business. This knowledge is the strength and core competence of BIG4.
Because BIG4 has specific knowledge in a number of diverse areas, it has taken a strong position in the consulting market. In order to enable this diverse knowledge to be mobilized towards the provision of customized services, members of BIG4 need support for collaboration. The management of BIG4 stimulates collaboration between employees. Collaboration between employees has been labeled as one of the core values of the organization. In addition to these efforts for collaboration, a myriad of possibilities for using electronic collaborative technologies is available within BIG4 Netherlands. The BIG4 organization has implemented several technologies worldwide and BIG4 Netherlands also offers additional technologies to its employees. These technologies are 
Collaboration Technology Infrastructure
Through the worldwide Intranet, BIG4net, a large part of the electronic resources become available to the organization's employees. BIG4net is a technology which enables employees to connect to the corporate network by starting a browser. All international employees of BIG4 have access to the same internal web pages that provide different functions. BIG4net shows news items and links to external sources like Lexis-Nexis and Goldman Sachs. Also pages with links to Internet sites of the BIG4.com domain, an overview of the worldwide disciplines of BIG4 and information about "what's new" on BIG4net are available.
These pages are used to browse through information and links to find different sources. In addition to these informative pages the employees of BIG4 can also search databases. A 'Yellow Pages' application for searching and finding persons within BIG4 is available online, where employees can find a résumé based on search terms to make knowledge and experience of employees retraceable for everyone. Moreover there is a search functionality using BIG4Source, a search engine that provides the possibility to search information and documents in a database.
Almost 90% of the respondents indicated that they had experience with this international part of BIG4net and its national component available for the Dutch BIG4 employees. This national component is called BIG4net.nl and contains pages with information about the Dutch BIG4 organization and employees. Specific newsflashes and descriptions of different Dutch business lines and staff departments are shown. Other pages display an agenda of BIG4 meetings and links to several external sources and an IT helpdesk. BIG4net.nl also presents a bulletin board and another search engine, to search in Dutch databases.
Within BIG4net.nl exist websites concerning specific units within BIG4 Netherlands called Microwebs. There are Microwebs for the units such as "Advisory services", and "market information & lines of business". Figure 3 , illustrates the experience employees have with the collaboration technologies available to them. The pages and applications on the intranet with underlying databases represent a large part of all available technologies, but more electronic technologies used were identified during the observations. One of the technologies identified was the Dutch Internet site of BIG4. The main website, is used for information retrieval by employees. An alternative technology available for the support of BIG4 employees' activities is called BIG4Client. Hardly 10% of the respondents used this. This technology consists of protected web-based environments where digital work spaces can be created. BIG4Client uses eRoom software and is deployed for the support of distributed collaboration within a BIG4 team and between this team and a client. Using this technology both employees of the client and members of BIG4 teams are able to share documents and to conduct online discussions with each other in a highly secured work space. In the digital work spaces specific expertise of BIG4 is also made available to clients, like BIG4's professional reference.
Employees use Microsoft Office to create documents, presentations and spreadsheets on their personal computers. All the respondents used e-mail. The availability of this technology is an integral part of the modus operandi given the extent to which the use of e-mail is commonly used. During observations in the field it appears that employees of BIG4 Netherlands send and receive e-mail using an account on the Microsoft Exchange server. They can also share their mail box with other employees. The account also offers the possibility of maintaining an electronic agenda in which meetings can be scheduled digitally. These electronic agendas are also shared mutually as well, so employees can look at each other's agendas and authorize each other to schedule meetings.
The Microsoft Exchange server also offers Public Folders through which documents and reports can be made available to several employees at the same time. In an interview one of the information managers mentioned that these Public Folders were created profusely but hardly ever managed and used.
The results illustrate that a majority of the respondents working at the individual level of interdependency, used intranet technology and e-mail to support their daily activities. As shown in Figure 3 , employees have the most experience with email. The use of e-mail technology to support the activities is shown in Figure 4 . In addition to the technologies described above BIG4 Netherlands offers facilities for the electronic technologies video conferencing and NetMeeting. These technologies make it possible to engage in conversation online while seeing each other on a display device. NetMeeting offers the possibly to share applications on the display device of another and the possibility to chat as well as a shared online whiteboard and the transfer of files. BIG4 has a worldwide NetMeeting directory server available with an address list of all employees who are online. Employees can log on with NetMeeting to have virtual meetings. From a number of observations it became clear that on an average working day only about 10 Dutch employees log in. Hardly any respondent on the survey reported the actual use of video conferencing. During the observations we encountered another technology, a setup for meetings with GroupSystems software. About 30% of the respondents indicated that they had experience with this technology. There is a fixed setup of computers available with this specific software and a mobile set of computers. The mobile set is employable in a flexible way within the whole organization. Using GroupSystems, meetings and brainstorms are carried out in a specifically designed room. The several components of the GroupSystems software offer the support of group activities such as generating, organizing and evaluating ideas. Also decision making by groups of employees is simplified using this technology. Although GroupSystems software has the possibility to be used in a distributed form BIG4 Netherlands did not implement this. The employees therefore do not have the possibility of using this software from their personal computer over the network.
The extent to which these technologies provide support for understanding and interdependence is illustrated in the results of the survey and interviews. These results are analyzed using the IB concepts described in section 2. These concepts were assessed using the questionnaire responses and triangulated with open interviews. The results suggest that while the collaborative technology infrastructure appeared to be useful, only a small part of this infrastructure actually supported the use of intellectual resources for the creation of customized goods and services. While the results suggest that work is supported by two very simple technologies, this analysis uncovers the levels of understanding and interdependency at which this work takes place. Following an analysis of the levels of understanding and interdependency that the two most utilized technologies support, this analysis maps the IB of the line of business investigated at BIG4.
The other technologies mentioned were used by less than 20% of the respondents for any of the activities stated, except the website BIG4.nl for searching information (41%). This focus on intranet technology is illustrated in Figure 5 . Both the international and national intranets were mainly used for information searches and reading news feeds. Almost 80% of the respondents use the technology intranet sites to gain understanding by searching information and reading news feeds. E-mail supports a variety of activities for gaining understanding to a larger extent. Over 90% of the respondents use e-mail to correspond with colleagues (97,5%) and with clients (92,5%). Of the respondents who said they work on their own independently of their colleagues, 35% used the intranets and 55% used email to support their level of understanding. This is illustrated in Figure 6 .
It appears from this data that while the members of this organization did depend on each other to carry out their work, their level of interdependency is largely based on individual work. This suggests that both the intranets and email support individual work. When consultants work individually they draw upon data through the intranets which contain specific newsflashes and descriptions of different Dutch business lines and staff departments, search engines and a number of data feeds from specific databases. They interpret and use this information to carry out their specific tasks. They also use the intranet bulletin board and other document sharing facilities to hand over key work packages at the pre-defined handover deadlines.
The extent to which these two technologies were used to support the interdependencies between employees is illustrated in Figure 7 . As illustrated in the figure, the use of the intranets is particularly high at the individual level as it supports understanding at the data level through the use of news feeds, interpretation of that data and its use in the context of the projects being carried out. Because there is interpretation of data at the individual level, it appears that the BIG4 consultants use the intranets to work individually at the information level of understanding. At the same time, the respondents used the intranets for the coordination of tasks (2%), to manage dependencies on expertise (5%), work synchronously (2%) and to support each the interdependency of each others' efforts (3%). This low level of use suggests that the intranets supported the simple sum of multiple interpretations of facts and simple observations. The coordination at the information level of multiple interpretations (coordinated) and more concerted collaboration in which joint deliverables were produced through synchronization of multiple interpretations was supported by email. The IB supported by email and the intranets is illustrated in Figure 8 .
An analysis of the interviews and survey results suggests that the employees of BIG4 who work in the public services sector produce joint deliverables based on the synchronization or creation of shared understanding. They use their understanding of patterns in the context of their emergence (knowledge) in concerted action (concerted). As mapped in figure 8 , this is the IB of BIG4's Public Services Sector line of business. The extent to which email supports the IB of this sector is above the information level of understanding as this technology supports the creation of joint deliverables by bringing together multiple interpretations of facts and simple observations as well as the creation of shared understandings. Email supports the creation of shared understandings of patterns in the context of their emergence as face-to-face discussions are seen to be more appropriate for this level of interdependency. 
Implications for Knowledge Mobilization
The results suggest that the IB of the BIG4's Public Services Sector line of business is the use of understanding of patterns in the context of their emergence (knowledge) in concerted action (concerted). However, the collaborative technologies are used primarily for the sharing of information in the form of documents at certain predefined hand-over points. Based on these findings, a number of implications for the mobilization of knowledge arise. These are described as follows: The implications of the case studied here is that the mobilization of knowledge requires the integration of technologies into the work practices of the organization. In particular, the nature of the interdependencies have to be clearly defined and aligned to the activities being accomplished using the intellectual resources available. For example, BIG4's employees are accustomed to working individually and use the technologies to support individual effort. However, concerted effort is not similarly supported as email appears to enable the synchronization of joint action. This is not to say that once the nature of concerted action is defined, other combinations of collaborative technologies would not contribute to increasing productivity. In fact, the use of personal digital assistants to 
Conclusions and Future Directions
The intellectual resources of some knowledge intensive organizations are seen to be key to the development of customized goods and services. In order to provide customized goods and services such knowledge intensive organizations rely in the skills and expertise of their employees. Despite the knowledge management efforts and vast investments in information and communication technology (ICT), the use of these intellectual resources remains enigmatic. In view of this challenge, this paper has investigated the extent to which collaborative technologies support the mobilization of intellectual resources to create value for an organization. An investigation has been carried out in a large multinational consulting company, BIG4, using the intellectual bandwidth model to assess the potential of this organization to create value through its intellectual resources. The results suggest that despite the vast collaborative technology infrastructure implemented to support the mobilization of intellectual resources in one of BIG4's line of business, two technologies are used. Of these two, email supports the largest portion of BIG4's IB.
Lessons learned from this research are that the IB of an organization can be supported by the technology that is most easy to use. The greater the complexity of the understanding and interdependency, the simpler the technology required. This has implications for the development of virtual communities in organizations attempting to tap into and mobilize dispersed, personalized intellectual resources. Future research should consider the effect of intranets and virtual collaboration technologies on IB using the instruments developed in this research. In addition, the results of this and other similar research on IB assessments in organizations should inform the implementation of ICT infrastructures in organizations attempting to mobilize their intellectual resources.
